SUMMARY The purpose of this study was to determine the prevalence of repetitive ventricular responses caused by non-bundle-branch re-entry and bundle-branch re-entry in 47 patients with and in 50 patients without ventricular tachycardia. We also compared the prevalence of repetitive ventricular responses using two types of electrophysiological stimulation: single premature ventricular stimulation during sinus rhythm or atrial pacing, and single premature ventricular stimulation during ventricular pacing. In patients who had ventricular tachycardia, premature ventricular stimulation during ventricular pacing induced non-bundle-branch re-entry more often than during atrial pacing (70-2% versus 33 3%). Both methods ofstimulation induced non-bundle-branch re-entry more often in patients who had ventricular tachycardia than in those who did not. In both groups of patients, bundle-branch re-entry was rare during atrial pacing and more common but equally prevalent during ventricular pacing.
Sudden death is a critical contemporary medical problem which in most cases is thought to result from ventricular fibrillation. Though previous reports'-3 noted that the presence of ventricular arrhythmias increased the risk ofsudden death, it would be useful to have a test that reliably identified patients at risk of developing symptomatic ventricular tachycardia and sudden death. Greene et al. 4 suggested that the repetitive ventricular response, defined as "two or more ventricular complexes in respouse to a single Supported in part by the Herman C. Krannert Fund; by grants from the National Heart, Lung and Blood Institute ofthe National Insttute ofHealth; the American Heart Association, Indiana Affiliate Inc., and by the Veterans Administration.
Received for publication 12 December 1980. ventricular premature stimulus during control of the heart rate by atrial pacing", may serve as such a predictive test. Data from other laboratories" 9 have not confirmed Greene's results, though in some of these studies5-7 repetitive ventricular responses were induced during ventricular pacing. In addition, previous reports4689 concerning prognosis have not distinguished between repetitive ventricular responses caused by bundle-branch re-entry, which appears to be physiological,'0-'2 and non-bundlebranch re-entry, which appears to have a higher association with organic heart disease. 12 We undertook this study for the following purposes: (1) to determine the prevalence ofrepetitive ventricular responses caused by non-bundle-branch re-entry and bundle-branch re-entry in patients who had and did not have a history of ventricular tachycardia; (2) to compare the prevalence of both forms of repetitive ventricular responses using two types of electrophysiological stimulation namely, single premature ventricular stimulation during sinus rhythm or atrial pacing, and single premature ventricular stimulation during ventricular pacing; and (3) to determine if the induction of non-bundle-branch re-entry could be used to identify those patients at risk of subsequently developing symptomatic ventricular tachycardia or sudden death. and recorded at paper speeds of 50-150 mm/s.
Subjects and methods
To induce repetitive ventricular responses, single premature ventricular stimuli were introduced after every eighth beat beginning in late diastole during sinus rhythm or control of the heart rate by atrial pacing and/or ventricular pacing. The premature interval was decreased by 10 to 20 ms steps until a repetitive ventricular response was induced or ventricular refractoriness was reached. In 93% of the studies more than one pacing cycle length and in 81% of the studies more than one right ventricular pacing site (apex and outflow tract) were used during ventricular pacing. During atrial pacing, a second ventricular pacing site was used in 22% and a second atrial pacing cycle length was used in 16% of the patients who did not have a repetitive ventricular response induced at the first ventricular site or pacing cycle length tested. The pacing procedure used to induced ventricular tachycardia has been described previously in detail. ' preted as non-bundle-branch re-entry. Non-bundlebranch re-entry usually had a configuation different from the complex induced by right ventricular apical pacing and the H2V3 interval was either shorter than the HV interval of conducted supraventricular complexes, or more often, no His potential was discernible ( Symptomatic ventricular tachycardia was defined as an electrocardiographically documented episode of ventricular tachycardia causing symptoms related to haemodynamic compromise; this included cardiac arrest from which a patient was successfully resuscitated. Sudden death was defined as death that occurred within one hour of the onset of symptoms in a patient who had been asymptomatic in the preceding 24 hours, and in whom no other cause of death was identified by history or necropsy. Positive follow-up was defined as the occurrence of either symptomatic ventricular tachycardia or sudden death in patients who had a discharge electrophysiology study.
PROGNOSIS
Only discharge studies were used to determine the prognostic significance ofinduced repetitive ventricular responses. Discharge studies were defined as: (1) studies in the control state after which the patients were discharged receiving no antiarrhythmic drugs, or (2) studies performed in patients who received the same antiarrhythmic medication at study and during the follow-up period. Follow-up information was obtained from personal examination of the patients, from the referring physicians, or from telephone interview ofthe patients.
STATISTICAL METHODS XI analysis and/or z-tests of significance of the difference between uncorrelated proportions were used to calculate statistical significance. In the statistical analysis ofthe prognostic data, the following definitions were used: True positive: non-bundle-branch re-entry present on discharge study with occurrence of positive follow-up. True negative: non-bundle-branch re-entry not present on discharge study with no occurrence of positive follow-up. False positive: non-bundle-branch re-entry present on discharge study with no occurrence of positive followup.
False negative: non-bundle-branch re-entry not present on discharge study with the occurrence of positive follow-up.
In the following equations, non-bundle-branch reentry is abbreviated as nBBR. patients. For simplicity, testing during sinus rhythm or atrial pacing was considered as one group designated as atrial pacing. The prevalence of repetitive ventricular responses using both stimulation techniques is shown in Table 1 . In the 47 patients who had ventricular tachycardia (Fig. 3) , and in the 50 patients who did not have ventricular tachycardia (Fig. 4) , both nonbundle-branch re-entry and bundle-branch re-entry occurred more often during ventricular pacing than during atrial pacing. As shown in Table 1 A second consideration may be whether or not their patients were on antiarrhythmic drugs at the time of study, since these were continued in some cases by them. In our study, we found no significant difference in the frequency of repetitive ventricular response induction between studies performed in patients on or off antiarrhythmic drugs, which suggests, therefore, that these were not a factor. A third possibility is that many of their studies were performed without recording a His bundle electrogram so that some aberrantly conducted supraventricular beats may have been misclassified as repetitive ventricular responses. A fourth factormay be the difference between the duration of the stimulus used in our study (1 8 ms) compared with that used by these workers4 (0 9 ms). Our data are more consistent with those reported by Mason8 and Ruskin and Garan.9
PREVALENCE OF REPETITIVE VENTRICULAR RES PONSES DURING VENTRICULAR PACING-COMPARISION WITH OTHER STUDIES
Both categories ofrepetitive ventricular responses were more prevalent during ventricular pacing than during atrial pacing. The overall prevalence of repetitive ventricular responses during ventricular pacing in our study closely correlates with that previously described by Farshidi et al. 12 Non-bundle-branch re-entry, however, was more frequently observed (51 5%) in the total population than previously reported (19-5%). 12 The difference in the frequency of non-bundle-branch re-entry may relate to a difference in patient population or may be the result of our method of testing multiple sites and pacing cycle lengths.
BUNDLE-BRANCH RE-ENTRY: PREVALENCE AND SIGNIFICANCE
Greene et al. 4 suggested that bundle-branch re-entry was rarely induced during atrial pacing and that virtually all repetitive ventricular responses induced by this method were the result ofnon-bundle-branch re-entry. During atrial pacing we noted bundle-branch re-entry in three of 48 studies (6 3%) . Therefore, bundlebranch re-entry can occur using this technique (Fig. 1 Only one of 22 patients who had only bundle-branch re-entry initiated during ventricular pacing had symptomatic ventricular tachycardia during follow-up. In addition, the frequency of bundle-branch re-entry was similar whether or not patients had a previous history of ventricular tachycardia. The low association of bundle-branch re-entry with a morbid event supports previous work'0-'2 suggesting that bundlebranch re-entry induced during ventricular pacing is common and probably physiological.
In our study, only one of five patients who had bundle-branch re-entry alone only during atrial pacing developed spontaneous symptomatic ventricular tachycardia. Mason8 previously reported no sudden deaths in four patients who had bundle-branch reentry during atrial pacing. Therefore, bundle-branch re-entry induced during atrial pacing may also be physiological; the small number ofpatients reported to date, however, makes the prognostic importance ofthis phenomenon as yet uncertain.
PROGNOSTIC IMPLICATIONS OF NON-BUNDLE-BRANCH RE-ENTRY IN PATIENTS WITH HISTORY OF VENTRICULAR TACHYCARDIA
In our study, the predictive accuracy of non-bundlebranch re-entry during atrial pacing was 64% (Table 2) . Nine patients who did not have non-bundle-branch re-entry induced during atrial pacing developed, however, a spontaneous morbid event. Therefore, though this test was reasonably specific (81%), it was not very sensitive (47%) because of the higher number (nine) of false negative results.
Non-bundle-branch re-entry was induced more frequently during ventricular pacing than atrial pacing. Though more sensitive, however, ventricular pacing lost specificity because of the higher number of false positive responses. Therefore, the resultant predictive accuracy (59%) with ventricular pacing was not statistically different from that with atrial pacing. '5 showing that ventricular tachycardia is rarely initiated by programmed electrical stimulation in patients without a history of spontaneous ventricular tachycardia. In 62 electrophysiological studies in patients with no previous history of ventricular tachycardia, ventricular tachycardia could not be initiated, whether or not the patients received an antiarrhythmic drug at the time of study. In those patients without ventricular tachycardia, non-bundle-branch re-entry was induced in 30% during ventricular pacing and in 4-8% during atrial pacing. Since none of these patients had symptomatic ventricular tachycardia or sudden death, treatment to suppress non-bundle-branch re-entry in this group does not appear to be warranted.
Conclusions
Our data indicate that: (1) non-bundle-branch re-entry is induced more frequently during ventricular pacing than during atrial pacing and more often in patients with ventricular tachycardia than in those without; (2) in patients with ventricular tachycardia, induction of non-bundle-branch re-entry during ventricular pacing is more sensitive and during atrial pacing is more specific; neither alone, however, has sufficiently great predictive accuracy to make the test clinically useful; and (3) induction of both non-bundle-branch re-entry during atrial pacing and ventricular tachycardia by any stimulation method may define a high risk group.
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